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[57] ABSTRACT 
A digital signal to be recorded is converted into a digital 
signal having a suppressed low-frequency spectrum and 
having a shortest recording wavelength greater than 
half an original shortest recording wavelength, and the 
converted digital signal is recorded on a magnetic re 
cording medium in which a plurality of metal evapo 
rated ?lms having different crystal-growth directions 
are laminated. The digital signal is reproduced from the 
magnetic recording medium in which the plurality of 
metal evaporated ?lms having different crystal-growth 
directions are laminated. Waveform equalization is per 
formed on the reproduced digital signal, and integration 
detection is performed on the waveform-equalized digi 
tal signal, thereby restoring an original digital signal. 

10 Claims, 7 Drawing Sheets 

/ 4 
MUIIULATBB ; 

REBUBBINB 
EQUALIZEB 

12 /" 
CL_ “EMMA-[0B INTEGRATIUN 

BETEGTUB 
ll 

[10 f9 8 1 
HEPRUIIUBINB [3 
touAuzEn 



US. Patent Sep. 13, 1994 Sheet 1 of 7 5,347,408 

F l G. 1 

r2‘ /3 Rf 
' necnnnma l\(4 5% 

<>’——> monumun ~ EWUZEB l/ 

12 f" {m f9 a 7 
‘ mresnmnu HEPBUBUCING 

°f‘_ "WWW" ‘ nmmn ‘ 'EouAuzEn % 

/ 

F l (3.2 (PRIOR ART) 



US. Patent Sep. 13, 1994 Sheet 2 of 7 5,347,408 

F l 6.3 (PRIOR ART) 
umsunouor'nmscmo mnencmenm 

3,. ~ , (' 
BASE FILM 2/2 

F I (3.4 (PRIOR ART) 

F l G.5(a)tT / V \ 
(PRIOR ART) e 



US. Patent Sep. 13, 1994 Sheet 3 of 7 5,347,408 

F l 6.6 ‘(PRIOR ART) 

F l 6.7 (PRIOR ART) 
BIBEBTIUN 0F HEAD SCAN 30 MAGNETIC LAYER 31 

v [ 

///////7////////////U/?/?é) 
( BASE FILM 32 



US. Patent Sep. 13, 1994 Sheet 4 0f 7 5,347,408 

T T T (Ti) 

Fl G.8(a))// //// ,///// /_/ 
(PRIOR ART) 

(Ti) 

FIG.8<b)>*.~— -.--»- AA“. _._. 

(PRIOR ART) ; 

F l (3.80:)! + T 

1' 
I 

I 
I 

as 

x 

(PRIOR ART) ' 

F I G.9(a) 
(PRIOR ART) 

an 

F1 G.9(b) 
(PRIOR ART) 

F l G.9(c) 
(PRIOR ART) V 



US. Patent Sep. 13, 1994 Sheet 5 0f 7 5,347,408 

F1 6.10 

F l G. 11 

IIIBECTIUN or HEAI] scan 40 FIRST MAGNETIC/LAYER 41 
//7/////////////////////////7// 
\\\\\X\\\\\\\\\\\\\\\\\\\\\\\\\ 

/ 
sEcuuu MAGNETIC LAYER 42 BASE FILM 43 







5,347,408 
1 

MAGNETIC RECORDING AND REPRODUCING 
METHOD AND APPARATUS WITH VERTICAL 
MAGNETIZATION COMPONENT REDUCTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a magnetic recording 

method and a magnetic reproducing method and, more 
particularly, to a magnetic recording method for effect 
ing high-density magnetic recording of a digital signal 
as well as to a magnetic reproducing method for repro 
ducing a digital signal which has been magnetically 
recorded with high density. 

2. Description of the Related Art 
One known example of an apparatus for carrying out 

such methods is a digital video tape recorder (VT R) for 
recording and reproducing a digital video signal. 

Typical digital VTRs are required to effect high-den 
sity digital recording so that a large amount of data can 
be handled. To achieve the high-density digital record 
ing, it is an essential requirement to increase the S/N 
ratio of the magnetic recording system of such a digital 
VTR. 
A tape-shaped magnetic recording medium (hereinaf 

ter referred to as the “metal evaporated tape”) in which 
a magnetic layer is formed on a base ?lm by a vapor 
deposition process, is known as one type of high-density 
magnetic recording medium. Such a metal evaporated 
tape is generally superior in its magnetic characteristics, 
such as residual magnetic flux density, to a metal parti 
cle tape and can provide a high-level reproduction out 
put, particularly in a short-wavelength range. For the 
above and other reasons, the metal evaporated tape 
promises highly as a medium for high-density magnetic 
recording, and a medium consisting essentially of Co-Ni 
has presently been put into practice. 

Heretofore, a partial response (1, 0, —1) method is 
generally employed for digital recording on a metal 
evaporated tape. This is because a waveform response 
obtained by recording or reproduction on or from a 
metal evaporated tape shows a large nonlinear distor 
tion in its low-frequency range compared to that ob 
tained by recording or reproduction on or from a metal 
particle tape, as will be described later. 

In contrast to other methods such as an integration 
detection method, the partial response (1, 0, — 1) 
method does not need low-frequency compensation and 
is capable of reducing the in?uence of the aforesaid 
low-frequency distortion of the metal evaporated tape. 
The partial response (1, 0, —l) method is disclosed in 
“Nakagawa et al, Comparative Examination of Detec 
tion Methods in NRZ Recording, Shingakugihou, 
MR78-3 (Aug, 1978)”. Since the partial response (1, 0, 
—- 1) method is not directly related to the present inven 
tion, a detailed description of the technical contents is 
omitted. 
The partial response (1, 0, — 1) method referenced in 

the above explanation of the conventional example, 
however, has a number of disadvantages. For example, 
the timing margin at a signal detection point is small, 
and since detection of three levels is performed, the 
optimum value of the threshold level of a comparator at 
the signal detection point varies due to level variations 
in reproduction output. 
As a result, if high-speed, high-density recording and 

reproduction are to be realized by utilizing the feature 
of the metal evaporated tape, i.e., a high S/N ratio, the 
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2 
above-described characteristics of the partial response 
(1, 0, —l) method will be a great disadvantage, since 
they increase the instability (jitter, dropout, etc.) of the 
magnetic recording system to a remarkable extent. 
As a technique for reducing the in?uence of the low 

frequency distortion of a metal evaporated tape, it is 
also considered to use a modulation method, such as 
M2, 8-14 conversion, to suppress greatly the low-fre 
quency component of a recording signal. However, this 
method is still undesirable, in that the amount of data to 
be processed increases greatly and the interval of detec 
tion windows is made small. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of ‘the present invention to 
solve the above-described problems. 
Another object of the present invention is to provide 

a magnetic recording method and a magnetic reproduc 
ing method which are respectively capable of effecting 
stable magnetic recording and reproduction of good 
S/N in high-density recording and reproduction of a 
digital signal. 
To achieve the above-described objects, according to 

one aspect of the present invention, there is provided a 
magnetic recording method which comprises the steps 
of converting a digital signal to be recorded into a digi 
tal signal having a suppressed low-frequency spectrum 
and having a shortest recording wavelength greater 
than half of an original shortest recording wavelength, 
and recording the converted digital signal on a mag 
netic recording medium in which a plurality of metal 
evaporate ?lms, having different crystal-growth direc 
tions are laminated. 
According to another aspect of the present invention, 

there is provided a magnetic reproducing method 
which comprises the steps of reproducing a digital sig 
nal from a magnetic recording medium in which a plu 
rality of metal evaporated ?lms having different crystal 
growth directions are laminated, performing waveform 
equalization on the reproduced digital signal, and per 
forming integration detection on the waveform-equal 
ized digital signal to restore an original digital signal. 

Still another object of the present invention is to 
provide a magnetic recording apparatus and a magnetic 
reproducing apparatus which are respectively capable 
of effecting stable magnetic recording and reproduction 
of good S/N in high-density recording and reproduc 
tion of a digital signal. 
To achieve the above-described object, according to 

another aspect of the present invention, there is pro 
vided a magnetic recording apparatus which comprises 
inputting means for receiving a digital signal as its input, 
converting means for converting the digital signal in 
putted from the inputting means into a digital signal 
having a suppressed low-frequency spectrum, and re 
cording means for recording the digital signal outputted 
from the converting means on a magnetic recording 
medium in which a plurality of metal evaporated ?lms 
having different crystal-growth directions are lami 
nated. 
According to another aspect of the present invention, 

there is provided a magnetic reproducing apparatus 
which comprises reproducing means for reproducing a 
digital signal from a magnetic recording medium in 
which a plurality of metal evaporated films having 
different crystal-growth directions are laminated, wave 
form equalization means for performing waveform 
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equalization on the reproduced digital signal, and inte 
grations detection means for performing integration 
detection on the waveform-equalized digital signal to 
restore an original digital signal. 
The above and other objects, features and advantages 

of the present invention will become apparent from the 
following detailed description of preferred embodi 
ments of the present invention, taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view schematically showing the 
construction of a magnetic recording and reproducing 
apparatus according to one embodiment of the present 
invention; 
FIG. 2 is a view showing a reproduced isolated 

waveform representative of the waveform response of a 
magnetic recording system using a metal particle tape; 
FIG. 3 is a view diagrammatically showing the cross 

sectional structure of the metal particle tape; 
FIG. 4 is a view diagrammatically showing the mag 

netization patterns of the metal particle tape; 
FIGS. 5(a) and 5(b) are waveform charts respectively 

showing a magnetic ?ux density and a reproduction 
output which are obtainable from the metal particle 
tape; 
FIG. 6 is a view showing a reproduced isolated 

waveform representative of the waveform response of 
the magnetic recording system using a single-layer 
metal evaporated tape; 
FIG. 7 is a view diagrammatically showing the cross 

sectional structure of the single-layer metal evaporated 
tape; 
FIGS. 8(a), 8(b) and 8(0) are views diagrammatically 

showing the magnetization patterns of the single-layer 
metal evaporated tape, respectively; 
FIGS. 9(a), 9(b) and 9(c) are waveform charts respec 

tively showing a magnetic ?ux density and reproduc 
tion outputs which are obtainable from the single-layer 
metal evaporated tape; 
FIG. 10 is a view showing a reproduced isolated 

waveform representative of the waveform response of 
the magnetic recording system using a two-layer metal 
evaporated tape according to the embodiment of the 
present invention; 
FIG. 11 is a view diagrammatically showing the 

cross-sectional structure of the two-layer metal evapo 
rated tape; 
FIGS. 12(a), 12(b) and 12(c) are views diagrammati 

cally showing the magnetization patterns of the two 
layer metal evaporated tape, respectively; 
FIG. 13 is a view showing a reproduction output 

obtainable from the two-layer metal evaporated tape; 
FIG. 14 is a view diagrammatically showing the 

cross-sectional structure of a three-layer metal evapo 
rated tape according to the embodiment of the present 
invention; 
FIGS. 15(a), 15(b) and 15(c) are views diagrammati 

cally showing the magnetization patterns of the three 
layer metal evaporated tape, respectively; and 
FIGS. 16 is a view showing a reproduction output 

obtainable from the three-layer metal evaporated tape. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 
be described below with reference to the accompanying 
drawings. 
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4 
FIG. 1 is a block diagram schematically showing the 

construction of a magnetic recording and reproducing 
apparatus according to one embodiment of the present 
invention. 

Referring to FIG. 1, a digital signal which is inputted 
at a terminal 1 is modulated into a digital signal having 
suppressed low frequencies by a modulator 2. The mod 
ulation method used in the modulator 2 may be selected 
from various kinds of methods. A modulation method, 
such as a scrambled NRZI method, which produces a 
digital signal containing a relatively large amount of 
low-frequency component may also be used, but a mod 
ulation method which does not provide a signal with 
extreme redundancy is desirable. In the present inven 
tion, a modulation method is used which enables the 
modulation (conversion) by the modulator 2 to produce 
a modulated signal of shortest wavelength not less than 
i; that of a modulating signal. 
The signal thus modulated by the modulator 2 is 

inputted to a recording equalizer 3, where losses, such 
as head-core loss, suffered by the signal during record 
ing are compensated for. The signal is written by a 
ring-shaped magnetic head 5 to a magnetic tape 6 hav 
ing a multilayer magnetic ?lm via a recording ampli?er 
4. 
During reproduction, a reproduced signal, which is 

read from the magnetic tape 6 by a ring-shaped mag 
netic head 7, is ampli?ed by a reproducing ampli?er 8, 
and the differentiation characteristic and high-fre 
quency loss of the signal which have occurred in the 
magnetic recording system are compensated for by a 
reproducing equalizer 9. The output of the reproducing 
equalizer 9 is supplied to an integration detector 10, 
where the original digital signal is detected by integra 
tion. The thus-obtained digital signal is inputted to a 
demodulator 11, which performs demodulation corre 
sponding to the modulation performed by the modula 
tor 2. The result of the demodulation is outputted 
through an output terminal 12. 
The process in which the present embodiment real 

izes good digital recording will be described below with 
speci?c reference to the waveform response of the mag 
netic recording system. 
FIG. 2 is a view showing a reproduced isolated 

waveform representative of the waveform response of 
the magnetic recording system using a metal particle 
tape. FIGS. 3 to 5(a), 5(b) are diagrammatic views used 
for explaining the waveform response of the metal parti 
cle tape of FIG. 2. As shown in FIG. 3, a magnetic layer 
21 of the metal particle tape has a structure in which 
needle-like particles of magnetic material are oriented 
along the tape length in a plane parallel to the surface of 
the magnetic tape (magnetic medium), the needle-like 
particles being applied to a base film 22 by coating using 
a binder. Accordingly, the easily magnetizable axis 
coincides with the direction of tape length. 

If a rectangular wave of long wavelength is recorded 
for the purpose of observing a reproduced isolated 
waveform, the magnetization patterns of the tape are 
formed as shown in FIG. 4. In FIG. 4, dashed arrows 
represent leakage magnetic ?elds from the tape. 

Strictly speaking, boundary regions exist between the 
magnetization patterns and, in such a boundary region, 
the magnetization is directed toward the tape surface to 
form a kind of re?ux magnetic domain which allows 
magnetic ?elds to escape through the tape surface. 
Since the boundary regions are not directly related to 
the present invention, they are not shown in FIG. 4. 
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. If the ring-shaped head 5 is made to slide on the mag 
netic tape 6 in the direction of an arrow 20 indicative of 
the direction of head scan, magnetic ?ux density <1) is 
induced in the head core by the leakage magnetic ?elds 
from the magnetic tape 6. The state obtained at this time 
is shown in FIG. 5(a). In FIG. 5(a), the inclined por 
tions of the waveform correspond to the respective 
transition regions between the aforesaid magnetization 
patterns. 
The change (d¢/dt), shown in FIG. 5(a), of the mag 

netic ?ux density d) with time is provided at the coil end 
of the head 5 as the reproduction output e shown in 
FIG. 5(b). The result obtained by actually measuring 
the isolated waveform of FIG. 5(b) is shown in FIG. 2. 
As can be seen from FIG. 2, although a little phase 
delay is observed, an isolated waveform which is ap 
proximately symmetrical in the direction of the time 
axis is obtained. Accordingly, integration detection can 
be performed by using a linear reproducing equalizer. 
FIG. 6 is a view showing a reproduced isolated 

waveform representative of the waveform response of 
the magnetic recording system using a conventional 
metal evaporated tape. As shown, the reproduced iso 
lated waveform is asymmetrical in the direction of the 
time axis and a large nonlinear distortion is observed in 
a low-frequency range. 
The occurrence of the nonlinear distortion is due to 

the magnetization patterns of the metal evaporated tape 
itself. The occurrence of the nonlinear distortion is 
described below with reference to FIGS. 7 to 9(a), 9(b), 
9(a). 
As shown diagrammatically in FIG. 7, in general, a 

metal evaporated tape has a magnetic layer 31 consist 
ing of a magnetic ?lm having a columnar structure 
which obliquely grows on a base ?lm 32. The easily 
magnetizable axis of the magnetic layer 31 inclines by a 
small degree from its crystal-growth direction of the 
columnar structure toward a plane parallel to the me 
dium surface. This inclination is due to the in?uence of 
the shape magnetic anisotropy of the magnetic ?lm. 
FIG. 8(a) shows the magnetization patterns obtained 

when a rectangular wave of long wavelength is re 
corded on a metal evaporated tape having the aforesaid 
?lm structure. As shown, all magnetization is directed 
in the respective directions of the easily magnetizable 
axis which is inclined by a small degree, and leakage 
magnetic ?elds occur slightly obliquely according to 
the inclination of the magnetization. In the following 
description, each of the magnetization patterns and 
leakage magnetic ?elds which are inclined by a small 
degree is decomposed into a component appearing in 
the directionof tape length (hereinafter called “hori 
zontal (direction)”) and a component appearing in the 
direction normal to the tape surface (hereinafter called 
“vertical (direction)”), and consideration is given to the 
horizontal and vertical components. 
The horizontal components and the vertical compo 

nents are shown in FIGS. 8(b) and 8(0), respectively. 
FIG. 9(a) shows the magnetic flux density d) induced 

in the head core when the head scans the tape surface, 
on the basis of the magnetization shown in FIG. 8(a). In 
FIG. 9(a), the solid line represents the magnetic ?ux 
density induced by the horizontal components, while 
the dashed line presents the magnetic ?ux density in 
duced by the vertical components. 

Normally, the angle which the easily magnetizable 
axis makes with the horizontal direction is on the order 
of 20°—30°, and in the magnetization the vertical compo 
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nents are small compared to the horizontal components. 
As can be seen from FIG. 8(c), the imaginary magnetic 
poles of the vertical components are widely distributed. 

Accordingly, in FIG. 9(a), the magnetic flux density 
due to the vertical components is smaller and broader 
than that due to the horizontal components 
FIG. 9(b) shows the reproduction outputs e which 

are respectively obtained from a change with time in the 
magnetic ?ux density due to the horizontal components 
and from a change with time in the magnetic ?ux den 
sity due to the vertical components. In FIG. 9(b), each 
solid line represents a reproduction output derived from 
the horizontal components, while each dashed line rep 
resents a reproduction output derived from the vertical 
components. The solid line has a form similar to that 
shown in FIG. 5(b), and, ?nally, a reproduced output 
waveform consisting of a combination of the two kinds 
of components is obtained, as shown in FIG. 9(a). 
As described above, the distortion which is observed 

in the low-frequency range as shown in FIG. 6 is the 
nonlinear distortion due to the presence of the vertical 
components of the magnetization patterns of the metal 
evaporated tape, and it is dif?cult to compensate for 
such a distortion by means of a linear reproducing 
equalizer. Accordingly, in digital recording for conven 
tional metal evaporated tapes, to avoid the distortion in 
the low-frequency range, the partial response (1, O, — 1) 
method, which does not need compensation for low-fre 
quency components, is employed. 
However, as described previously, the partial re 

sponse (1, 0, —1) method has a characteristic out of 
favor of the instability of magnetic recording. 
FIG. 11 shows the structure of a metal evaporated 

tape used in the present embodiment. 
The magnetic layer of the shown metal evaporated 

tape consists of a metal evaporated ?lm of two layers (a 
?rst magnetic layer 41 and a second magnetic layer 42), 
and the crystal-growth directions of the columnar 
structure in the respective layers differ from each other. 
The crystal-growth directions are approximately sym 
metrical with respect to a plane normal to the direction 
of the tape length and, therefore, the angles which the 
crystal-growth direction and the easily magnetizable 
axis of one of the layers make with a plane parallel to 
the medium surface are approximately equal to the 
angles which the corresponding directions of the other 
layer make with such a plane. The total thickness of the 
magnetic layer consisting of the two layers is approxi 
mately equal to the thickness of the magnetic layer of 
the conventional metal evaporated tape shown in FIG. 
7. 
FIG. 12(a) shows the magnetization patterns ob 

tained when a rectangular wave of long wavelength is 
recorded on the metal evaporated tape shown in FIG. 
11. The direction of magnetization of each of the layers 
substantially coincides with the easily magnetizable axis 
in each of the layers. If each of the magnetization pat 
terns is decomposed into a horizontal component and a 
vertical component as shown in FIG. 12(b), the vertical 
components of the respective layers cancel each other. 
Accordingly, macroscopically, only the horizontal 
components are externally observed, as shown in FIG. 
12(c). The reproduced output waveform obtained at this 
time is shown in FIG. 13. 
The actual reproduced isolated waveform of FIG. 10 

greatly differs from the isolated waveform of the con 
ventional metal evaporated tape of FIG. 6, and is close 
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to the isolated waveform of the metal particle tape of 
FIG. 2. 

Accordingly, it is possible to perform normal integra 
tion detection using the linear reproducing equalizer 9 
as shown in FIG. 1, whereby it is possible to perform 
high-density recording insusceptible to the instability 
(jitter, dropout, etc.) of the magnetic recording system. 
The above description of the embodiment refers to 

the case where a metal evaporated tape having a metal 
evaporated ?lm of two layers is used. However, the 
number of layers is not limited to two and any number 
of layers not less than two layers may be used. 
From the foregoing description, it will be readily 

perceived that, in the case of an even number of mag 
netic layers, if the crystal-growth directions in adjacent 
ones of the magnetic layers are made symmetrical with 
respect to a plane normal to the direction of tape length, 
the vertical components of the magnetization of the 
respective adjacent layers cancel each other to allow 
only the horizontal components to be observed exter 
nally. 
The following is a description of an odd number of 

magnetic layers, for example, a three-layer magnetic 
film. FIG. 14 is a view diagrammatically showing a 
metal evaporated tape having a magnetic ?lm of three 
layers. _ 

The magnetic ?lm of the metal evaporated tape con 
sists of a metal evaporated ?lm of three layers, each 
having a different crystal-growth direction. It is as 
sumed that, of the three layers, a ?rst magnetic layer 51, 
a second magnetic layer 52 and a third magnetic layer 
53 are formed in that order from the tape surface. 

If the crystal-growth direction in each of the layers is 
noted, it is found that the crystal-growth direction in 
the second magnetic layer 52 is closer to the vertical 
direction relative to the medium surface than is the 
crystal-growth direction in each of the ?rst and third 
magnetic layers 51 and 53. Accordingly, as shown in 
FIG. 15(0), the direction of magnetization of only the 
second layer 52 is a little closer to the vertical direction. 

If each of the magnetization patterns of FIG. 15(0) is 
decomposed into a horizontal component and a vertical 
component, the result shown in FIG. 15(b) is obtained. 
The state shown in FIG. 15(b) is intended to make the 
vertical magnetization components of the three layers 
zero in total. Accordingly, as shown in FIG. 15(c), only 
the horizontal magnetization components can be exter 
nally observed. In consequence, it is possible to obtain a 
reproduced isolated waveform which resembles that of 
the metal particle tape and is free from low-frequency 
nonlinear distortion, as shown in FIG. 16. 

Further, as is apparent from the foregoing descrip' 
tion, the feature of the magnetic recording medium 
according to the embodiment of the present invention 
geometrically depends on the crystal-growth direction 
in each magnetic layer formed by vapor deposition, and 
does not depend on the composition of the magnetic 
?lm. Accordingly, if the present invention is applied to 
a metal evaporated ?lm medium consisting essentially 
of, for example, Co-Cr, it is possible to achieve similar 
advantages. 
As is apparent from the foregoing description, ac 

cording to the magnetic recording method and the mag 
netic reproducing method according to the present 
invention, each of magnetic layers which are laminated 
cancels the magnetization components of the adjacent 
magnetic layer which act in the vertical direction rela 
tive to the surface of the magnetic recording medium, 
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8 
whereby it is possible to reduce the deterioration of a 
recording signal due to the presence of the vertical 
magnetization components. Accordingly, a digital sig 
nal passed through various processes of recording and 
reproduction can be restored with high stability and 
with good S/N. 
What is claimed is: 
1. A magnetic recording method comprising the steps 

of: 
converting a digital signal to be recorded into a digi 

tal signal having a suppressed low-frequency spec 
trum and having a shortest recording wavelength 
greater than half an original shortest recording 
wavelength; and 

recording the converted digital signal on a magnetic 
recording medium in which a plurality of metal 
evaporated ?lms having different crystal-growth 
directions are laminated, wherein magnetization 
components of the plurality of metal evaporated 
?lms of said magnetic recording medium in a verti 
cal direction to a surface thereof are substantially 
zero in total. 

2. A method according to claim 1, wherein the plural 
ity of metal evaporated ?lms are an even number of 
metal evaporated films, crystal-growth directions in 
adjacent ones of the metal evaporated ?lms being oppo 
site to each other with respect to a surface of the mag 
netic recording medium and making substantially the 
same angle with respect to the surface of the magnetic 
recording medium. 

3. A method according to claim 1, wherein the plural 
ity of metal evaporated ?lms are an odd number of 
metal evaporated ?lms which are not less than three 
metal evaporated ?lms, crystal-growth directions in 
adjacent ones of the metal evaporated ?lms being oppo 
site to each other with respect to a surface of the mag 
netic recording medium, and an angle which a crystal 
growth direction in an odd-numbered metal evaporated 
?lm makes with the surface of the magnetic recording 
medium being smaller than an angle which a crystal 
growth direction in an even-numbered metal evapo 
rated ?lm makes With the surface of the magnetic re 
cording medium. 

4. A magnetic reproducing method comprising the 
steps of: 

reproducing a digital signal from a magnetic record 
ing medium in which a plurality of metal evapo 
rated ?lms having different crystal-growth direc 
tions are laminated, wherein magnetization compo 
nents of the plurality of metal evaporated ?lms of 
said magnetic recording medium in a vertical direc 
tion relative to a surface thereof are substantially 
zero in total; 

performing waveform equalization on the repro 
duced digital signal; and 

performing integration detection on the waveform 
equalized digital signal to restore an original digital 
signal. 

5. A method according to claim 4, wherein the plural 
ity of metal evaporated ?lms are an even number of 
metal evaporated ?lms, crystal-growth directions in 
adjacent ones of the metal evaporated ?lms being oppo 
site to each other with respect to a surface of the mag 
netic recording medium and making substantially the 
same angle with respect to the surface of the magnetic 
recording medium. 

6. A method according to claim 4, wherein the plural 
ity of metal evaporated ?lms are an odd number of 
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metal evaporated ?lms which are not less than three 
metal evaporated ?lms, crystal-growth directions in 
adjacent ones of the metal evaporated ?lms being oppoé 
site to each other with respect to a surface of the mag 
netic recording medium, and an angle which a crystal 
growth direction in an odd-numbered metal evaporated 
?lm makes with the surface of the magnetic recording 
medium being smaller than an angle which a crystal 
growth direction in an even-numbered metal evapo 
rated ?lm makes with the surface of the magnetic re 
cording medium. 

7. A magnetic recording and reproducing method 
comprising the steps of: 

converting a digital signal to be recorded into a digi 
tal signal having a suppressed low-frequency spec 
trum; 

recording the converted digital signal on a magnetic 
recording medium in which a plurality of metal 
evaporated ?lms having different crystal-growth 
directions are laminated, wherein magnetization 
components of the plurality of metal evaporated 
?lms of said magnetic recording medium in a verti 
cal direction relative to a surface thereof are sub 
stantially zero in total; 

reproducing the digital signal from the magnetic re 
cording medium; 

performing waveform equalization on the repro 
duced digital signal; and 

performing integration detection on the waveform 
equalized digital signal to restore an original digital 
signal. 

8. A magnetic recording apparatus comprising: 
(a) inputting means for receiving a digital signal as its 

input; 
(b) converting means for converting the digital signal 

inputted from said inputting means into a digital 
signal having a suppressed low-frequency spec 
trum; and 

(0) recording means for recording the digital signal 
outputted from said converting means on a mag 
netic recording medium in which a plurality of 
metal evaporated films having different crystal 
growth directions are laminated, wherein magneti 
zation components of the plurality of metal evapo 
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10 
rated ?lms of said magnetic recording medium in a 
vertical direction relative to a surface thereof are 
substantially zero in total. 

9. A magnetic reproducing apparatus comprising: 
(a) reproducing means for reproducing a digital sig 

nal from a magnetic recording medium in which a 
plurality of metal evaporated ?lms having different 
crystal-growth directions are laminated, wherein 
magnetization components of the plurality of metal 
evaporated ?lms of said magnetic recording me 
dium in va vertical direction relative to a surface 
thereof are substantially zero in total; 

(b) waveform equalization means for performing 
waveform equalization on the reproduced digital 
signal; and 

(0) integration detection means for performing inte 
gration detection on the waveform-equalized digi 
tal signal to restore an original digital signal. 

10. A magnetic recording and reproducing apparatus 
comprising: 

(a) inputting means for receiving a digital signal as its 
input; 

(b) converting means for converting the digital signal 
inputted from said inputting means into a digital 
signal having a suppressed low-frequency spec 
trum; 

(c) recording means for recording the digital signal 
outputted from said converting means on a mag 
netic recording medium in which a plurality of 
metal evaporated ?lms having different crystal 
growth directions are laminated, wherein magneti 
zation components of the plurality of metal evapo 
rated ?lms of said magnetic recording medium in a 
vertical direction relative to a surface thereof are 
substantially zero in total; 

(d) reproducing means for reproducing the digital 
signal from the magnetic recording medium; 

(e) waveform equalization means for performing 
waveform equalization on the reproduced digital 
signal; and 

(f) integration detection means for performing inte 
gration detection on the waveform-equalized digi 
tal signal to restore an original digital signal. 

* * * * t 
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